Abstract. In a cooperative mixed-initiative system, timely and effective dialogue between the system and user is important to ensure that both sides work towards producing the most effective results, and this is affected by how disruptive any interruptions are as the user completes their primary task. A disruptive interaction means the user may become irritated with the system, or might take longer to deal with the interruption and provide information that the system needs to continue. Disruption is influenced both by the nature of the interaction and when it takes place in the context of the user"s progress through their main task. We describe an experiment based on a prototype cooperative video annotation system designed to explore the impact of interruptions, in the form of questions posed by the system that the user must address. Our findings demonstrate a preference towards questions presented in context with the content of the video, rather than at the natural opportunities presented by transitions in the video. This differs from previous research which concentrates on interruptions in the form of notifications.
Introduction
Good annotation of multimedia content enables effective search and allows it to be retrieved and consumed again, desirable for anything from archive news footage to YouTube videos. However, the annotation process is difficult and time-consuming, making it an ideal application for a cooperative mixed-initiative system. Here a computer collaborates with the user on a common goal and can initiate and effect dialogue with the user when necessary. The computer and the user may work asynchronously [6] . A good mixed-initiative system makes the best use of the user's time and input and this is reflected in how it carries out interactions with the user. When input is required the system might assess the current state of the overall task, the task(s) the user is currently performing, the importance of the input, and how the user responded to previous interactions, in order to help it decide on the best way to interact with the user.
A mixed-initiative multimedia annotation system might be performing its own analysis of the contents of a document in order to support the user by suggesting annotations to the user or applying its own annotation. Dialogue with the user might take the form of queries designed to help the system with its analysis, perhaps by resolving conflicts between different interpretations of some parts of the content. Responses to these queries will influence the main annotation task. The system as a whole will perform better if queries are answered by the user promptly and accurately, so an effective dialogue should take into account the best times to present particular queries to the user.
However, system-driven interactions can also have a negative effect if they disrupt [12, 17] or irritate [1, 16, 19 ] the user during their primary task. So as well as a benefit (user input), a query will also have a cost [12, 2, 9, 10] which might be detrimental to the overall outcome of the task.
Previous Work
Interruptions in human-computer interaction have received much attention from researchers. Findings show that interrupting users from their primary task can have a negative impact on performance [12, 8, 17] , and produce higher levels of frustration, stress and anxiety [19, 1, 16] . Other studies have found that interruptions can also have a detrimental effect on how long it takes to complete a task [14, 7] , decision making ability [18] , emotional state [19, 1] , and the number of errors users make during a task [12] .
Researchers have been investigating whether interrupting users at "opportune" moments might reduce some of these negative effects. This approach is largely guided by Miyata and Norman [15] who argued that interruptions should be made at times of lower mental workload. They also argued that these periods typically occur at subtask boundaries of task execution. Bailey and Iqbal [5] also found that interruptions can have lower cost if made during periods of lower mental workload. Pupil dilation (a recognised measure of workload) was measured whilst performing a number of different tasks (route planning, document editing, and email classification) and it was largely confirmed that signs of decreased workload occurred at subtask boundaries. This work suggests that, if possible, interruptions should be deferred to a breakpoint in the task to reduce costs and negative effects.
Iqbal and Bailey [11] also found that presenting notifications at break points in problem solving tasks (i.e. a programming task and diagram editing) reduced frustration and resumption time of the task when compared with presenting the notifications immediately. It was also found that the relevance of the notification content influenced at what time the notification should be presented. In particular, it was found that notifications relevant to the user"s current work should be presented at medium or fine breakpoints (i.e. during lower level activities such as editing code or adding shapes). Conversely, it was found that less relevant or generic notifications should be presented at coarser breakpoints (i.e. higher level events such as the user switching to their mail or instant messaging client).
Adamczyk and Bailey [1] also examined the effects of interrupting a user at different stages of a task (document editing, writing summaries of videos and web searching tasks). The selection of the points at which users were interrupted was based on their predicted cognitive load. There were two primary conditions where interruptions were presented: presumed best and presumed worst times. The other conditions were random and no interruptions. The presumed best times tended to be at the completion of subtasks whilst the presumed worst were when the user was performing work on their primary task. The presumed best condition resulted in reduced annoyance, frustration, and mental effort, while the presumed worst condition resulted in the poorest ratings on each of these measures. Mark et al. [13] examined the impact of interruptions in an email management task and found that in contrast to the results of the other studies, participants who were interrupted completed the task in less time than those who were not interrupted. The authors suggest that people compensate for interruptions by working more efficiently, but also that this increased efficiency comes at an extra cost. Whilst participants that experienced the interruptions completed the tasks faster, they also experienced increased levels of stress, frustration, time pressure, and effort.
In this paper, we describe an experiment to measure the effect of interrupting users performing a video annotation task by asking them questions in a range of contextual conditions, and discuss how our results compare to the existing body of research.
The CASAM System -Interruptions and Disruptions
The experimental data was collected during trials with a prototype of the CASAM (Computer Aided Semantic Annotation of Multimedia) system. As well as a user interface in which the user can view video and perform the usual playback functions, CASAM incorporates a video analysis engine that extracts concepts from video and a reasoning engine that constructs and maintains an ontology to manage these concepts. The reasoning engine makes inferences about possible relationships between concepts and generates queries to help it resolve ambiguities. These queries can sometimes seem trivial to the user. However, answering the query might have a significant impact on the content and structure of the ontology and therefore any future inferences made from it. This will, in turn, affect the efficiency of the reasoning component and the future dialogue with the user. The user interface component of the system is responsible for transforming these queries into a human-readable form and deciding how and when to present them to the user. Concepts from the ontology are then used by the system to annotate the video in collaboration with the user. The operation of these analysis and reasoning components is otherwise transparent to the user.
If a system such as CASAM presents a query while the user is engaged with another task or simply concentrating on the video then the user will be interrupted, which is likely to have a negative effect on the user"s work, or at least make the user think it does. How disruptive the user finds the interruption depends to a large extent on when it occurs relative to what they are doing [1] . We can identify three broad For the In context condition queries are presented immediately after the relevant part of the document, which the query refers to, is viewed by the user. In the Out of context condition queries are presented at a point at which the user is engaged with a part of the video which is unrelated to the content of the query, and the Opportune condition accounts for those interruptions which take place at times when the user is not engaged with any particular task or section of the video. In a video annotation system this might be at the boundary between two consecutive shots. Opportune interruptions are generally considered preferable.
Bailey et al. [3, 4] find that users are more annoyed when presented with peripheral tasks when they are engaged with another primary task than when they are not, and that users perform slower on an interrupted task than when uninterrupted. They go on to show that interrupting the user at Opportune moments (that is, when users are not engaged with another task) lessens the disruptive effect.
Experimental data on interruptions may be used to formulate some measure of the cost of those interruptions, both in terms of the user's perception of the disruption the interruptions cause and the measurable effects they have. However, it should be noted that any assessment of cost would ideally need to be linked to some measure of the actual effect of the interruptions on the outcome of the user's task. We do not pursue that in detail here, focusing instead on the perceived and measurable effects of the interruption itself.
Experiment Design
The prototype interface used for the experiments consists of a video player and a panel in which queries about the content of the video are displayed and answered. The video player allows the user to replay previous sections of the video, and the query panel allows them to tick check boxes to choose an answer to a query ( Figure 1 ). When a query arrives in the interface the video is paused, interrupting the user, and the query is highlighted using a red border. Once answered, the video continues to play. Queries presented to the user only concern the content of the video and were hand designed to replicate the form, complexity and context of queries that would be generated by the automated reasoning engine of the CASAM system. Two between subject variables were used in the study. The first (Question Type) consisted of two levels; Important and Trivial questions. This classified queries according to how relevant they were to a high-level description of the content of the video. For example, an important query might be: "What object is the person in this frame using?" while a trivial query might be: "What colour is this person"s jacket?". The second (Context) varied the context within which the interruption occurred. The Table 2 . Post experiment questionnaire items conditions within this variable differed on whether the question was asked In context, Out of context, or in an Opportune condition.
In the In context condition a question must be presented to the user immediately after the relevant information has been presented in the video. In the Opportune condition a question must be presented to the user at a point of transition between shots in the video. In these cases the timing of the questions are predetermined by the content of the video and the question. For the Out of context condition, questions are presented at a considerably different time to the relevant content within the video.
In combination this makes a total of 6 Question Type-Context condition pairs (e.g. Trivial -In Context) within the experiment. Participants were randomly allocated to one of these 6 possible pairings. The video the users were shown contained 8 shot breaks, and each user was asked 8 questions about the video. For the experiment the content and presentation of the questions were both hand coded. The full set of questions and conditions used is shown in table 1. For each query the time it took for the user to respond was recorded. After completing the experiment users completed a questionnaire designed to assess their perception of both the content and usefulness of the queries, their effect on the task and how challenging they were to deal with. The post experiment questions are shown in table 2, and were scored on a visual analogue scale with 100 being very high and 0 being very low. Participants were told before starting that they would be asked questions about the video as it progressed.
92 participants took part in the study and were recruited from the body of students at the University of Birmingham using an email request for participation. The experiment was conducted online. The data for two of the participants was excluded entirely from the dataset due to high amounts of missing data and the existence of extreme outliers. The video they were shown was a news report about falling bee populations in the United States with a running time of two minutes. The same video was shown to all participants through the same interface. Only the question condition pairings were varied for each participant.
Results

User Perceptions
Two-way (2x2) between subject ANOVAs were used to analyse the effects of the Question Type and Context variables on the user perception dependent variables measured in the post experiment questionnaire. Before reporting the findings of the statistical analysis it is worth noting that due to the amount of analysis conducted there is an increased probability of Type 1 error (a false positive). This has been controlled within each ANOVA analysis by the use of Bonferonni post hoc tests however due to the amount of ANOVA"s conducted the readers must interpret the findings whilst being aware of the potential for Type 1 error in this analysis. Additionally due to the amount of analysis conducted, only significant effects are reported in the main body of this paper. A full description the analysis is included in table 12.
Interaction Success
Participants in the In context condition rated the perception of their success in accomplishing the task as higher than the Out of context condition. There was a significant main effect of 
Overall Perception
The overall perception of the interface was rated higher for those in the In context condition than for those in the Opportune condition. There was a significant main effect of Context in overall judgement of the system [F(2,84) = 3.84, p<0.05]. Participants in the In context condition rated the expected behaviour of the system significantly higher than those in the Opportune condition (p<0.05). There was no significant difference between the Opportune There were no significant main effects for Context or Question Type or any significant interactions for any of the remaining questions.
User Response Times
Measuring query response times is an objective way of quantifying the impact upon user performance. Figure 2 shows the quartile distribution of the response time for each of the test conditions and 
Discussion
The results show that the time at which the system presented questions to the user had a strong influence on their perceptions and the amount of effort that was required to complete the annotation task. Participants in the important question condition perceived that questions focused on the key points of a video significantly more than those in the trivial question condition. However, there were no significant main effects in the question conditions in all other cases. This suggests that whilst participants could clearly distinguish between the two different types of questions they did not fully understand how the questions influenced the system"s processing.
The In context conditions were generally rated more positively than the other conditions. Participants in the In context conditions rated the interaction as more successful, supportive, and usable. They also rated the interaction as being less irritating, requiring less effort and behaving in a way that was closer to what they were expecting. Similar results are found when looking at user response times. Participants in the In context condition responded to questions on average more quickly than those in the Out of context or Opportune conditions. Based on these findings we propose that, in the context of cooperative, mixed-initiative multimedia annotation, it is better to interrupt a user with questions when they are in context with the multimedia content.
Comparison to previous research results
This finding differs from much of the related research in the field. In other studies, it has been found that presenting questions at Opportune moments significantly reduces the negative impact of an interruption [1, 5] . It is instructive to contemplate why we achieved a different result. The interruptions used in this work are qualitatively different from those typically considered in other work. Typically experiments within the interruptions domain explore interruptions that are gross, often in the form of notifications, and represent a complete change in context to the main task. In the work presented here the interruptions are more subtle and closer to the context of the main task. There are two potential explanations for this observed behaviour:
 Interruptions may be similar to the main task and thus have a reduced impact on cognitive load.  The user may perceive that responding to an interruption may have a positive impact on their performance on the main task and thus reduce the perceived cost of the interruption.
However, neither of these explanations can be examined within the bounds of the experiment reported here and this is principally due to a number of limitations.
Limitations and Further Work
Our participants" only task was to watch the video and answer questions: they did not perform any specific annotation themselves. Interruptions may have been more costly if the user had to perform some annotation of their own. Conversely, if the user had been more aware of the impact of responding to questions upon their performance on the task, perhaps through changes to the annotation state, then the perceived cost may have been lower. A more detailed discussion of the cost of interruptions should be based around a more engaging primary task for the user, preferably one for which there is an easily quantifiable outcome. This is because a more demanding task might alter the users" perception of disruption as well as how quickly they respond to it. Moreover, in order to assess an objective cost for a disruption we need to measure the actual impact on the users" task performance as well as their impact perceptions. It may well be the case that in our more limited scenario cognitive load of users may have been low and thus the differences between the Context conditions less pronounced. This could account for the lack of impact of the Opportune condition.
It is also possible that a significant overlap between the In-Context and Opportune condition might confound the results. This may occur if queries are presented immediately after the relevant portion of the video and this happens to correlate with a clear shot boundary. However, as can be observed in table 1, there is only one case in which a clear overlap occurs between the Opportune condition for question 5 and the In-context condition in question 6.
However, the test performed in this experiment is still representative of the form of interruption in a system like CASAM. It is therefore a useful initial step in understanding the impact of interruptions in such a system. Ideally, the user would not need to do any annotation, and the system would only ask the user questions when necessary. As such, the experiment described in this paper is a useful test to see how users respond.
Other limitations include the use of a single short video. It would be useful in future studies to get participants to interact with the software for much longer period using a range of videos. Additionally, it would be interesting to run some longitudinal studies where participants used the tool for an hour or two on a daily basis. The current prototype would obviously need to be enhanced for longitudinal studies, but this type of test over time would be useful in understanding the true cost of interruptions and how they impact the user"s experience.
It would also be interesting to examine how the urgency of a question influences user perceptions. There may be times when the system has an important question that is critical to the automated annotation process. How should the system communicate this urgency to the user? Is it acceptable for the system to immediately interrupt the user from their current task and present the question? Does communicating the importance of the question lower the negative impact of the interruption? Or should the system always wait for the most opportune time to interrupt users?
Conclusions
This study demonstrates that, in a video annotation task, users tend to prefer interruptions that are In context, that is, at the appropriate moment in the video, regardless of whether this is an Opportune moment or not or whether the query is Important or Trivial. In addition, they also answer them more quickly. This outcome differs from previous research, which may be related to our specific experimental setup, or may be more intrinsically related to the specific task of video annotation. It certainly demonstrates that, if the aim is to have an "intelligent" system undertaking most of the work, and relatively inexperienced annotators using it whose main function is to respond to the system"s questions, then presenting such questions In context is the most effective approach.
There is also a broader implication of these results. Although we argue that the interruptions presented to the user are qualitatively different from those typically used in the interruptions literature, we also believe that this form of subtle interruption in context with the overall task is representative of a wide range of domains and thus warrants further study. 
